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Monday, February 27, 2012 405abeen shown that ODPC interacts with cell membranes because of its amphi-
philic character1. In this work, we investigate how the lipid composition influ-
ences on ODPC interaction with phospholipid membranes. To do so, we used
giant unilamellar vesicles (GUV) composed of DOPC (dioleoylphosphatidyl-
choline), DOPC:Chol (8:2) - Chol = cholesterol - and DOPC:SM:Chol
(1:1:1) - SM = sphingomyelin. The results showed that ODPC causes a solubi-
lization of the DOPCmembrane followed by its disappearance. The presence of
Chol intensifies such a phenomenon. On the other hand, GUVs containing Lo-
Ld phase separation of DOPC:SM:Chol display a different scenario when in
contact with ODPC. The rafts disappear with time evolution (less than 20 min-
utes) ending up to a complete disappearance of the membranes. Changes in
physical membrane properties are being better investigated.
This work is supported by CAPES (Nanobiotec-Brasil); FAPESP and CNPq.EPR Spectroscopy
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Omp85 proteins contain a C-terminal transmembrane beta-barrel and a soluble
N terminus with a varying number of polypeptide-transport-associated (PO-
TRA) domains.1 N-terminal POTRA domains (P1 and P2) of Omp85 from
the cyanobacterium Anabaena sp. PCC 7120 might have functions in substrate
recognition and heterooligomerization.2 P3 is implied in regulation of protein
transport by its L1-loop. Molecular dynamics (MD) simulations predicted
that P2 and P3 are fixed in orientation, consistent with a short connection
and a large interface between both domains, and that there is a hinge between
P1 and P2.2 In this study we used site-directed spin labeling (SDSL) to inves-
tigate the conformational flexibility between POTRA domains by PELDOR
(pulsed electron-electron double resonance) spectroscopy.3-5 The experimental
results will be compared with the MD calculations and X-ray structures.2 Fur-
ther studies of the interaction of POTRA domains with chaperones and sub-
strates are underway.
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Distance determinations are often a core strategy to decipher the molecular
mechanism by which membrane proteins execute their biological function.
EPR spectroscopy and pulsed Double Electron-Electron Resonance (DEER)
methods are unparalleled tools for the measurement of probe-based long-range
distances in protein. However, distance determination from echo intensity mod-
ulation in pulsed DEER experiments is a moderately ill-posed problem. Here,
we show that by using protein symmetry-based geometrical constraints in
homo-oligomeric membrane proteins, we are able to greatly facilitate the fitting
solution. We modeled the distance distribution with 2 Gaussians, with each
mean distance identified by its Gaussian peak. During the fit process, the
mean distance ratio was constrained to be within a specified tolerance of the
theoretical distance ratio determined by the symmetry of the oligomeric assem-
bly (1:1.4 for tetramers; 1:1.6 for pentamers). We compared this approach
against the classical Tikhonov regularization, concluding that our method stabi-
lizes a solution that is much easier to interpret in molecular modeling terms.
Importantly, we also show that when the qualities of the dipolar evolution signal
increases (more observed periods and higher SNR), there is little or no difference
in the distance distribution obtained by our method vs. Tikhonov regularization.
This suggests that the geometrically constrained fit does not artificially distort
the distance distribution. Our approachwas validated on 2 different ion channelsof different oligomeric states: CorA, a homopentameric Mg2þ channel and
KcsA, a homotetrameric Kþ channel. In all cases, the distances obtained by
DEER are in excellent agreement with respective crystal structures.
2060-Pos Board B830
Room Temperature Electron Spin Resonance Distance Measurements in
T4 Lysozyme using Trityl-Based Spin Labels
Zhongyu Yang1, Yangping Liu2, Peter Borbat3, Jay Zweier4, Jack Freed3,
Wayne Hubbell1.
1Jules Stein Eye Institute and Departments of Chemistry and Biochemistry,
University of California, Los Angeles, Los Angeles, CA, USA, 2Center for
Biomedical EPR Spectroscopy and Imaging, The Davis Heart and Lung
Research Institute, the Division of Cardiovascular Medicine, Department
of Internal Medicine, The Ohio State University, Columbus, OH, USA,
3National Biomedical Center for Advanced ESR Technology, Department
of Chemistry and Chemical Biology, Cornell University, Ithaca, NY, USA,
4Center for Biomedical EPR Spectroscopy and Imaging, The Davis Heart
and Lung Research Institute, the Division of Cardiovascular Medicine,
Department of Internal Medicine, The Ohio State University, Columbus,
OH, USA.
Pulsed Electron Spin Resonance (ESR) spectroscopy in combination with site-
directed spin labeling is unique in providing nanometer- range distances and
distributions in biological systems. . Distance constraints are valuable for deter-
mining structure and structural changes, while distance distributions reflect
structural heterogeneity. To date, most of the pulsed ESR techniques require
cryogenic temperatures to reduce the rapid electron spin relaxation rate and
to prevent averaging of electron-electron dipolar interaction due to the rapid
molecular tumbling. To enable measurements at physiological temperatures,
we are exploring a trityl-based spin label with a relatively long relaxation
time where the protein is immobilized by attachment to a solid support. In
this preliminary study, trityl radicals were attached via disulfide linkages to
substituted cysteine residues at positions 65 and 80 or at positions 65 and 76
in T4 lysozyme (T4L) immobilized on Sepharose. Double quantum coherence
(DQC) was applied to the two spin-labeled double mutants at room tempera-
ture. Distances extracted from DQC show a 2.2 nm and a 1.8 nm spin-spin dis-
tance, respectively, close to those expected frommodels of the trityl label in the
T4L structure. Narrow distribution of distances was observed in each case, in-
dicating that the trityl spin label is relatively rigid. The results show that, with
the use of trityl spin label and DQC, structural constraints can be obtained to
study protein structure/dynamics at physiological temperature. Furthermore,
as we show, trityl labels enable micromolar sensitivity DQC distance measure-
ments in the temperature range of 60-100 K, since their distant methyl groups
only weakly contribute to the relaxation of electron spins. As an additional ad-
vantage less intense microwave pulses are needed as compared to nitroxides.
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The native state ensemble of a protein is comprised of distinct conformational
substates in equilibrium, exchanging on the ms - ms time scale. Functionally im-
portant substates can be sparsely populated (‘‘excited states’’) and invisible to
conventional spectroscopic methods, but recent studies have shown that high
hydrostatic pressure can populate excited states and slow exchange kinetics
to the easily measurable millisecond and longer time window. Thus, hydro-
static pressure can populate excited states for spectroscopic characterization,
and pressure-jump relaxation experiments can determine the exchange rates be-
tween excited and ground states. Site Directed Spin Labeling (SDSL) - Electron
Paramagnetic Resonance (EPR) spectroscopy of proteins containing a paramag-
netic nitroxide side chain (a ‘‘spin label’’) has been shown to provide informa-
tion on both structure and dynamics in proteins of any degree of complexity.
This makes it an ideally suited spectroscopic technique for these studies.
Here we present a pressure-jump EPR system that achieves sub-millisecond
pressure jumps or drops of arbitrary magnitude. We use a pressure intensifier
capable of generating hydrostatic pressures up to 4 kbar (60,000 psi) to pressur-
ize two reservoirs, and a novel air operated valve to rapidly equilibrate the res-
ervoirs to an intermediate final pressure. Pressure cells and resonators have
been developed for both X and Q band operation; the Q band system employs
a modified Varian E-110 Q-band bridge. The pressure-jump system and EPR
spectrometer are controlled via a user interface constructed with Labview.
406a Monday, February 27, 2012Together, these components comprise a complete pressure-jump EPR system
for quantifying millisecond or slower conformational exchange rates in
proteins. Preliminary results on conformational exchange rates in apo-
myoglobin and T4 Lysozyme cavity mutants will be presented.
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KCNE1 (minK) is a membrane protein known to modulate the function of the
KCNQ1 voltage-gated potassium ion channel in the human heart. KCNE1 has
been over expressed and purified into SDS detergent and reconstituted into
POPC/POPG lipid vesicles. We show that that KCNE1 maintains its ability to
associate with and modulate KCNQ1 Kþ channel activity when placed into
POPC/POPG liposomes. Functional measurements of KCNE1 proteoliposomes
were performed in Xenopus oocytes expressing KCNQ1 (KV7.1). Our CDmea-
surements show that KCNE1 undergoes a global change in secondary structure
when removed from a micelle environment and placed in a lipid bilayer. CW-
EPR and Power Saturation EPR experiments have been used to examine the
structural and dynamic properties of KCNE1 in micelles and lipid bilayer vesi-
cles. The results indicate that KCNE1 inserts into the POPC/POPG vesicles,
S28C and R32C are solvent-exposed and located outside the membrane, and
S64C and F54C are buried inside the POPC/POPG lipid bilayer. The differences
of KCNE1 placed into either micelles or lipid bilayers will be discussed.
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Proteins can evolve to gain new functionality via mutations that decrease sta-
bility, and presumably, increase flexibility. Particularly interesting examples
are mutations that modify the hydrophobic core packing and create new func-
tions, e.g. novel ligand binding sites created by cavity-forming mutants. Many
core repacking mutants of T4 Lysozyme (T4L) have been characterized, some
of which bind non-polar ligands. Overall, the crystal structures of these mutants
are very similar to the WT and offer little insight into the mechanism whereby
the ligand reaches the cavity. Site-Directed Spin Labeling (SDSL) has been ap-
plied to investigate the structural and dynamical response of T4L in solution to
28 core repacking mutations, many of which have known crystal structures. Re-
markably, the most common response in the cavity-creating susbtitutions is the
appearance of a second conformational substate, with populations as high as
70 %, showing that the cavities allows for an alternative protein fold, at least
locally. Osmotic perturbation shows that the conformations are in slow ex-
change on the EPR time scale. Thus, the cavity mutations excite molecular
flexibility, with a characteristic time scale > 100 ns, probably in the ms-ms
range. Interspin distance measurements carried out for two of the cavity mu-
tants to study the magnitude and nature of the conformational rearrangement
suggest the interesting possibility that the alternative states are also present
in the WT protein, but at a different ratio.
In some cases, ns backbone modes were also excited by the core mutation, but
the effects were subtle. Remarkably, the type and magnitude of the changes in
the protein flexibility were not necessarily correlated with the extent of desta-
bilization by the substitution. The relationship of the cavity-excited states to the
mechanism of ligand entry is under study.
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Measurement of free radicals, ex vivo, in biological tissue with continuous
wave electron paramagnetic resonance (EPR) has been problematic. Here,
a novel EPR spin trapping technique has been developed that places one or
two large segments of porcine arterial tissue along with supernatant directly
into a standard EPR spectrometer cavity at liquid nitrogen temperature. This
approach is validated in porcine arterial tissues treated as controls in vivo. To
investigate that this method has lower extraneous ROS generation than methods
which slice tissue into thin slivers before assaying for reactive oxygen species
(ROS), we take two sets of coronary arterial tissue from the same animal. In the
first set, we excise one or two large segments of tissue, and in the second set wesection the tissue into ten pieces. In both cases, tissue was harvested, placed in
physiological saline solution with 190-mM PBN (N-tert-butyl-a-phenylni-
trone) and incubated in the dark for 2 hours at physiological temperature while
gently being stirred. Tissue and supernatant were then loaded into a syringe and
frozen at minus eighty degrees Celsius until EPR analysis. Although absorption
of microwaves by an aqueous sample typically at room temperature limits the
size of the sample; this method can accommodate as large as 20-mm3 tissue
volume into the EPR cavity at liquid nitrogen temperature. In our experiments
the tissue volumes were in a range of values between 2 mm3 and 5 mm3,and the
EPR spectra were normalized with respect to tissue volume.
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Distance measurements between two strategically placed nitroxide spin labels
can provide pertinent structural information on complicated biological systems
such as membrane proteins. Distances of approximately 8 A˚ - 25 A˚ can be de-
termined by measuring line broadening due to dipolar coupling using continu-
ous wave (CW)-EPR spectroscopy. The short range distances can be measured
between isotopically coupled nuclear spins and nitroxide electronic spin labels
up to a distance of about 8 A˚ using Electron Spin Echo Envelope Modulation
(ESEEM) and long range distances of 20 A˚ - 70A˚ between two nitroxide elec-
tronic spin labels using Double Electron Electron Resonance (DEER). The
transmembrane domain (TMD) of KCNE1 binds to the pore domain of the
KCNQ1 channel modulating the channel’s gating. In order to characterize
the structural properties of the TMD of KCNE1, double cysteine mutants
were prepared for TMD of KCNE1 and further modified by the addition of
a MTSL nitroxide spin label. The purified proteins were reconstituted into
LMPG detergent micelles and POPC/POPG bilayer vesicles. Dipolar broaden-
ing CW-EPR experiments were performed on the double mutants F53C-L63C,
F56C-S64C, L59C-Y65C, and L59C-S64C at 225K; and DEER experiments on
double mutants V50C-S68C, V47C-I66C at 80K. Molecular Dynamics Model-
ing study was performed on these mutants using nanoscale molecular dynamics
(NAMD) with the molecular graphics software VMD. A 1 ns molecular dynam-
ics simulation was ran for each double mutants and distance distribution was
obtained by analyzing the trajectory data file using VMD. The distance distri-
butions obtained from dipolar broadening CW EPR and DEER are in good
agreement with NAMD/VMD and MMM modeling results.
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Cardiac troponin (cTn) complex consisting of cTnI, cTnC and cTnT is respon-
sible for cardiac mechanotransduction. Aberrent phosophorylation of cTnI by
PKC on S42/44 or its phosphorylation mimic mutant S42/44D decreases
Ca2þ sensitivity and tension force, consequently generating heart failure. Until
now, consequence of cTnI by PKC phosphorylation on molecular level and as-
sociated structural mechanisms involved in it are still elusive. Combined with
previously published NMR spectra and our bioinformatics analysis, this distinct
N-extension of cTnI is strongly shown to be intrinsically disordered. To simu-
late the possible conformation of this intrinsically disordered region and poten-
tial conformational transition caused by PKC when binding with cTnC, Monte
Carlo simulation was implemented to explore potential docking sites on cTnC,
of which all the predicted structures were evaluated by total and binding energy
with the criteria under RosettaCommons software suite. We screened around
10,000 structures for cTnC-I and cTnC-I (S42/44D) complexes, respectively.
For cTnC-I complex, flexible N-extension of cTnI docked on N-domain of
cTnC, putatively assisting to stabilize the full-open state of cTnC which binds
strongly the regulatory region of cTnI to initiate muscle contraction. In con-
trast, as for cTnC-I (S42/44D), it localized on C-domain of cTnC, thus defi-
ciently to maintain full-open state of cTnC, causing a weak interaction
between the regulatory region of cTnI (S42/44D) and cTnC to generate heart
failure. To verify our prediction, we are measuring residual mobility and
inter-residual distance from spin labels placed on cTnI or cTnI (S42/44D)
and cTnC. Preliminary mobility measurement of MSL-labeled cTnC(C84) in-
dicated loose interaction between the regulatory region of cTnI (S42/44D) and
cTnC. Measurements on the other sites are in progress.
